A radar testing system that takes PXI VSA modules as the main component is presented. The methods of spectrum parameters testing, waveform envelope parameters of pulse modulation signal testing and the peak power testing are analyzed. The software structure and testing flow are expounded in detail. The feasibility of the overall design is discussed in this paper.
INTRODUCTION
A vector signal analyzer (VSA) is an instrument that measures the amplitude and phase of an input signal at a specific frequency within a specified bandwidth and is suitable for performing spectrum measurements, demodulation, and signal analysis. There are three main ways to implement the VSA: the first is the instrument manufacturers in the design of high-performance hardware platform designed to achieve the vector signal analysis of the measuring instrument; the second is the use of high-performance spectrum analyzer platform, the use of its powerful radio frequency to the IF frequency conversion capacity and instrument system performance, in the spectrum analysis based on the addition of vector signal analysis function, making it a spectrum analyzer and vector signal analyzer two in one instrument; the third is based on PXI RF signal analysis Module with vector signal analysis software to achieve, it uses the form of software radio, can simplify the equipment interaction, programming and debugging, is widely used in the field of automatic testing.
Modern radar in situ testing requires that the test system has a full range of functions, measurement speed, high precision, easy to carry and other characteristics, the use of PXI bus-based automatic test equipment can be a good application of the above needs. According to the general needs of airborne radar testing, the need for RF signal spectrum, pulse envelope and waveform, transmit power, transmit spectrum and receive channel gain test. In the design of automated test system, the general will choose the corresponding function of the PXI hardware module, including VSA, highspeed digitizer, microwave power meter and other instrument modules, and then matching PXI chassis and zero slot controller, mouse and keyboard kit, you can set up to meet the needs of the radar test in situ test system. The VSA is responsible for measuring the spectral parameters of the signal. If the radar signal power and waveform parameters measured by the VSA, instead of the high-speed digitizer, RF power meter and other instrument modules, and the radar in situ test system will become smaller, more conducive to the field or ship carrying.
SIGNAL MEASUREMENT METHOD
The VSA has analysis abilities of the frequency domain, the time domain and the modulation domain, may carry on the signal spectrum measure, the pulse modulation signal after detecting the waveform envelope parameter measurement as well as the power measurement.
Signal spectrum measurement
In the radar in situ test system, the measurement of the signal spectrum is mainly applied to the radar transmitter output signal spectrum and frequency synthesizer excitation signal spectrum test project, the specific test parameters include the pulse modulation signal carrier frequency, spurious and phase noise.
For the radar system using the pulse system, the transmission signal is mostly pulse modulated RF signal, the frequency spectrum characteristics of the pulse repetition frequency (PRF) for the interval of the discrete spectrum, the spectral curve shape sin(x)/x, as shown in Fig. 1 , The center is located at the center of the RF carrier frequency fc, and the reciprocal of the pulse width τ is the position of the zerocrossing point. Therefore, in the known radar band under the premise of setting the radar frequency band of the center frequency of the spectrum of the scanning center frequency, the width of the SPAN parameters set to radar work bandwidth or larger, the use of peak search algorithm can be found carrier frequency. Record the frequency data, and then set the frequency point to the spectrum scanning center, the SPAN parameter can be set to twice the repetition frequency of the modulation pulse, the resolution bandwidth parameter is set as small as possible, such as 10Hz or 1Hz, And then use the peak search algorithm to determine a more accurate RF carrier frequency.
The definition of a spurious is the ratio of the unwanted frequency component to the carrier's power level that is irrelevant to the output frequency.
For the discrete parasitic output, if the signal power is c P , then in the deviation m f from the main line carrier frequency, single sideband parasitic output power SSB P , the spectral spurs ( ) m L f is the formula (1):
The difference between the maximum noise amplitude and the center frequency amplitude within the center frequency PRF/2 can be obtained by using the frequency difference algorithm, where the unit is dBc.
With respect to the phase noise index, it is an important indicator of the short-term frequency stability of the signal. The lower the phase noise of the radar signal, the better the spatial resolution is, and the more accurate the speed reading of the moving object [3] . Single sideband phase noise is the most direct and efficient representation of the signal in the frequency domain, which is defined internationally as equation (2):
The unit is dBc/Hz. Fig. 2 depicts the periodic signal in the frequency domain of the single sideband phase noise calculation diagram [4] . The actual frequency at the partial frequency f is f0 + f.
The direct spectrum method is used to measure the phase noise, that is, the output signal of the frequency signal source is directly connected to the input of the spectrum analyzer. The carrier power P0 and the sideband power PSSB(fm) in the 1Hz bandwidth from the carrier can be obtained from the spectrum. The phase noise of the signal is represented by the formula (3) at each partial carrier frequency:
Since the measurement result is affected by the resolution bandwidth of the spectrum analyzer, the detector, the amplifier and so on, it is necessary to correct the phase noise measurement formula as follows (4):
Among them, Bc is the resolution bandwidth standardization correction factor, can be obtained by (5) Among them, BRBW is the resolution bandwidth of the spectrum analyzer, B1Hz is 1Hz bandwidth.
Direct spectrum method is easy to implement in all measurement methods, easy to operate, low cost measurement method, usually used for frequency drift smaller but relatively low phase noise signal source measurement. When the partial carrier frequency is above 1kHz, the measurement result has high reliability, and its reliability is relatively poor within 1kHz [5] .
Signal power measurement
The use of VSA to measure pulse-modulated RF signal power requires consideration of whether the resolution bandwidth is in the wideband or narrowband setup mode, mainly due to the fact that the spectrum of the desensitization factor is different [6] . We narrowband bandwidth as an example, this time the signal spectrum for the linear spectrum. The expression of the unmodulated carrier signal is expressed by the formula (6):
The pulse modulation wave is shown in equation (7):
The pulse-modulated RF signal is shown in Equation (8):
From (6), (7) and (8), we can see that after the pulse modulation, the amplitude of the unmodulated wave decreases with τ/T multiple.
In the equation (8), the amplitude peak A of the unmodulated wave is taken as the voltage value, then the modulation carrier power, which is the power at the pulse train carrier center line, is lower than the amount of the unmodulated carrier power The relativity factor (9) of the desensitization factor in dB is as follows:
Where the amplitude of the center line of the pulse modulated carrier spectrum t E is expressed, c E indicating the amplitude of the unmodulated wave. Reflective can be compared to the loss of sensitivity of the measuring instrument, but the instrument is not really less sensitive, but the average power of the waveform is reduced, which is reflected in its measurement. The operating range (or damper adjustment) of the instrument should be set according to the power level of the continuous carrier. Otherwise, the peak power of the signal may overload the input circuit of the analyzer. For a signal with a small duty cycle, the measured amplitude will be much smaller than the peak signal power, forcing the measured response to be significantly smaller than the full scale response of the spectrum analyzer. This effect reduces the dynamic range that the spectrometer can use to measure.
Therefore, in the use of VSA measurement pulse modulation RF signal peak power, we should first obtain the pulse signal duty cycle τ/T data, and then calculate the desensitization factor  L , and set the resolution bandwidth of 1Hz or 10Hz And then use the formula (10) to obtain the peak power of the pulse modulated RF signal.
Where _ max l P is the center frequency spectral amplitude.
PROGRAMMING AND IMPLEMENTATION

Software Structure
The development of the test program using the NI LabVIEW Developer's Kit, the internal set incorporated test management software, test data analysis software, report generation software and test development software and other software [7] , it is a graphical programming language based on the development of software , Greatly shorten the application development time, the operating system using Windows 7, the test software using a parallel modular design method, the software structure shown in Fig. 4 . 
Test Process Design
Test process design shown in Fig. 5 , according to the design of the program flow, the system can be using a key to complete the transmitter pulse envelope test, the transmitter radiation power test, the launch signal spectrum test, if combined with the use of RF switch, before the test the other measured signal leads to the cable connected to the case, also can complete the excitation source spectrum test, bullet synchronization signal test, guided missile signal test and other automatic test. After the test, the test results in the form of WORD test report file, and can display and print, according to the test results can make a correct assessment of radar performance. 
CONCLUSION
For a certain type of aircraft radar test needs, designed and implemented a situ test system based on the PXI bus vector signal analyzer, which can complete the spectral parameters, detection envelope parameters and peak power measurement.The test program used the digital processing technology to effectively reduce the system size, improve the test speed and efficiency, with significant economic benefits.
